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The KLOE data sets

e KLOEO5: 60 points between 0.35 and 0.95 GeV?,
based on 141.4 pb~! of data taken in 20012

@ KLOEO8: 60 points between 0.35 and 0.95 GeV?,
based on 240.0 pb~! data taken in 2002°

e KLOE10: 75 points between 0.1 and 0.85 GeV?,
based on 232.6 pb™! data taken in 2006 with /s = 1.00 GeV

e KLOE12: 60 points between 0.35 and 0.95 GeV?,
based on 240.0 pb™! data taken in 20029, normalized to muons
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The KLOE data sets
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The KLOE data sets
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The KLOE data sets
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The KLOE data sets
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BLUE: Best linear unbiased estimatel

We have 195 y; = {y1,.

.., Y105} measurements for the 85 observables with
true value X, = {Xi,

..., Xgs} (the 85 bins between 0.1 and 0.95 GeV?).

Find the Best Linear Unbiased Estimates X, of the 85 observables such
that

'A. Valassi, NIM A500 (2003) 391; L. Lyons and D. Gibaut, NIM A270 (1988)-110
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BLUE: Best linear unbiased estimatel

We have 195 y; = {y1,..., y105} measurements for the 85 observables with
true value X, = {Xi,..., Xgs} (the 85 bins between 0.1 and 0.95 GeV?).

Find the Best Linear Unbiased Estimates X, of the 85 observables such
that

A the X, are a linear combination of the input measurements y;

B the X, are unbiased estimates of the true values X,

C the X, minimize the variance var(X,) = cov(Xa, X») (they are the best
estimates)

YA. Valassi, NIM A500 (2003) 391; L. Lyons and D. Gibaut, NIM A270 (1988):110
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BLUE: Best linear unbiased estimate

@ condition A gives

195 85 195
S0 =Y AaiVi = DY Nailipyi (1)
i=1 8=1 i=1
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BLUE: Best linear unbiased estimate

@ condition A gives

195 85 195
fa =D XaiVi = DD Aailipyi (1)
i=1 B=1i=1
@ condition B gives the normalization constraints
195
Z MaiUip = Oap (2)
i=1

@ condition C requires to determine the linear weights A,; such that
they minimize the variances of the X,:

195 195
var(%y) = cov(Xa, Xa) = Z ZAQ;%jAaj, (3)
i=1 j=1
where .Zj; is the (195,195) covariance matrix of the 195

measurements.
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BLUE: Best linear unbiased estimate

Task: Determine the \,; defined by condition A by minimizing the
variances in condition C under the constraints given by condition B!
Introducing the Lagrange multipliers K3, the object to minimize becomes

85 195
var(Xy) + 2 Z Kary(6ay — Z Aajjy) (4)
v=1 Jj=1
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BLUE: Best linear unbiased estimate

Task: Determine the \,; defined by condition A by minimizing the
variances in condition C under the constraints given by condition B!
Introducing the Lagrange multipliers K3, the object to minimize becomes

85 195
var(Xy) + 2 Z Kary(6ay — Z Aajjy) (4)
v=1 Jj=1

Differentiating with respect to K., and \,; gives

195

Sag — Y Aaj%p =0 Ya, v,
j=1
195 ’

85
O iiraj) = O Kayiy) =0 Vo, Vi
Jj=1 ~y=1
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BLUE: Best linear unbiased estimate

The system of linear equations is solved by

Koy = (2T %)) (5)
85
Nai =D UT MU UT M) (6)
pB=1
cov(Ra, Xg) = (% T MU )} (7)

Knowing the two matrices %;, and .#j; allows to determine the linear
coefficients A,; and therefore the Best Unbiased Linear Estimates X,,.
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The %, matrix

is a (195, x 85 ) matrix linking the measurements y; to the observables

rows cols
Xa
w — 1 if y; is a measurement of X,,
"1 0 if y; is not a measurement of X,
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The %;, matrix
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The %, matrix

1 0 0 0 0 0 000 0 0 0 0 0 0 0 0
01 0 0 0 0 000 0 0 0 0 0 0 0 0
00 0 0 0 0 000 0 0 0 0 1 0 0 0
00 0 0 0 0 00 0 0 0 0 0 1 0 o
00 0 0 0 0 000 0 1 0 0 0 0 0 o
00 0 0 0 0 000 0 0 1 0 0 0 0 o
00 0 0 0 0 000 0 0 0 1 0 0 0 o
000 0 00 0 ... 00 000 0 0 0 10
00 0 00 0 ... 00 000 0 0 0 0o 1

— bins in M2_ (0.1 - 0.95 GeV?)
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The %, matrix

0O 0 o0 0 0 O o 0o o 1 0 0 0 O 0 0
0O 0 0 0 0 O o 0o o o 1 0 0 O 0 0
0O 0 0 0 0 O o 0 o o o0 1 0 O 0 o0
0O 0 0 0 0 O 0 0 0 0 0 0 0 O 1 0
0O 0 0 0 0 O 0o 0 o0 o O 0 0 oO 0 1

— bins in M2_ (0.1 - 0.95 GeV?)
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The %, matrix

— bins in M2_ (0.1 - 0.95 GeV?)
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The #j; matrix

(#0) i

is the covariance matrix for the 60 + 75 + 60 = 195 data points.
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The #j; matrix

is the covariance matrix for the 60 + 75 4+ 60 = 195 data points
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The #j; matrix

(9 5) o ki

is the covariance matrix for the 60 4 75 + 60 = 195 data points
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The #j; matrix

is the covariance matrix for the 60 + 75 + 60 = 195 data points.
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The #j; matrix

(9 5) o ki

0 Vastod

is the covariance matrix for the 60 + 75 4+ 60 = 195 data points
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A caveat: normalization errors

G. D'Agostini (NIM A346 (1994) 306):
Normalization errors (e.g. errors on scale factors) can create a bias when
fitting correlated data

The problem of finding the linear unbiased estimates of minimum variance
for the 85 observables X, is equivalent to the problem of finding the
estimates X, minimizing the quantity

195 195

S=3"5 i — @) A7 Iy — (%)) (8)

i=1 j=1

However, only the free parameters X, are varied (within the errors) to find
the minimum of S. But in the case of a normalization error, also the
elements of .#j; should be scaled accordingly when varying the X,.
Therefore, normalization errors lead to a bias in this method.
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A caveat: normalization errors

G. D'Agostini (NIM A346 (1994) 306):
Normalization errors (e.g. errors on scale factors) can create a bias when

fitting correlated data
Way out: Two separate covariance matrices:

° ///,-Js-tat which contains the statistical uncertainties and is used to find
the X,

t . . . . .
° ///,-Js-ys which contains all the normalization errors, gives

195 195
cov™¥™ (%, X3) g g Aa,%;yStAgj, which can then be added to
i=1 j=1
cov* (R, R5):
totrg ¢ _ stat syst
cov'®(Ra, X3) = cov®™ (Xy, X3) + cov¥™(Xq, X3) (8)
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The .#j; matrix: The 3 diagonal blocks
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The .#; matrix: The 3 diagonal blocks

o /3™ Take the data files provided at the KLOE ppg webpage for
each analysis http://www.1lnf.infn.it/kloe/ppg/

° %;ySt: For each contribution to the systematic error (given at the
webpage), construct the corresponding contribution to the matrix

element via 677 = +1 - 6;7°%0;"*, and add the contributions:

'%ijs.yst _ 5frig5;rig + 5}3kg5}3kg + 5},umi6}umi T (9)
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The .#; matrix: The 3 diagonal blocks

o /3™ Take the data files provided at the KLOE ppg webpage for
each analysis http://www.1lnf.infn.it/kloe/ppg/

° %;ySt: For each contribution to the systematic error (given at the

webpage), construct the corresponding contribution to the matrix
element via 677 = +1 - 6;7°%0;"*, and add the contributions:

'%ijs.yst _ 5l§rig5]t.rig + 5}3kgéj]‘3kg + 5},umi6}_4umi 4o (9)

Exception: Errors on unfolding for KLOEO8 and KLOE10 - one can
assume them to be fully anti-correlated, and therefore it contributes

with 5,5”,’;1 =-1- (5,-U"f5}j"f to the off-diagonal elements.
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The .#j; matrix: The KLOEO8 - KLOE10 correlation block
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The .#j; matrix: The KLOEO8 - KLOE10 correlation block

(Level3 Trigger)

Unfolding (Mg 2!
1

Ly (y) events
(Level3 ‘I’ri gger)
Background Subtr.

Corr. for border eff. in Acc.

Corr. for border eff. in Acc.

/e likelihood +TCA corr.

1

Unshifting (M_,*>M,.%)

Acce ptance 6_corr.

Unfolding (Mg, 2>My,2
Tracking corr.
Trigger corr.
Acceptance 6_corr.

FSR - ISR corr.

Division by Radiator H
Corr. for Vac. Pol.

S. E. Miiller

Division
. 'ﬂnv(y)/uw(y)

Acceptance corr.
(Ogei] Ggrmimr)

7, KLOE12

E ISR data

Observed Spectrum for
ary(y) events
(Level3 Trigger)
FILFO corr.

[]

Background Subtr.

/e likelihood +TCA corr.
]
Unfolding (M, 2>M; 3

Tracking corr. Data/MC

Photon corr. Data/MC

Global MC efficienc

]
Unshifting (M 2->M.,2)

Luminosity corr.

Division by Radiator H

]

Corr. for Vac. Pol.

7, KLOE10
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The .#j; matrix: The KLOEO8 - KLOE10 correlation block

(Level3 Trigger)

FILFO corr.

Background Subtr.

Unfolding (Mg 2!
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Ly (y) events
(Level3 ‘I’ri gger)
Background Subtr.

Corr. for border eff. in Acc.

Observed Spectrum for
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(Level3 Trigger)
FILFO corr.

[]

Background Subtr.

Corr. for border eff. in Acc.

/e likelihood +TCA corr.
1
Unshifting (M_,*>M,.%)

Acce ptance 6_corr.
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]
Unfolding (M, 2>M; 3

Trigger corr. Tracking corr. Data/MC

Unfolding (Mg, 2>My,2

/e likelihood +TCA corr.
¥

Tracking corr.

Acceptance 6_corr.

Photon corr. Data/MC

FSR - ISR corr. Global MC efficienc

[]

Acceptance 6 corr.

Division by Radiator H
Corr. for Vac. Pol.
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The #j; matrix: The KLOEO8 - KLOE10 correlation block

° //4§3tat: In this case, there are no contribution to the statistical
covariance matrix.

° %;ySt: The following contributions to the systematic uncertainty are
common to both analyses:

> uncertainty on luminosity evaluation (0.3%)

> uncertainty on radiator function (0.5%)

» uncertainty on vacuum polarization correction (from F. Jegerlehner's
routine)

Therefore, the elements of ///,-JS-ySt are constructed like this:

'%US.YSt — 508?um1510}umi +608}{adiator510§-{adiator+508’\_/acP015101\_/acP01
(10)
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The #j; matrix: The KLOEO8 - KLOE12 correlation block
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The #j; matrix: The KLOEO8 - KLOE12 correlation block
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The #j; matrix: The KLOEO8 - KLOE12 correlation block
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The .#j; matrix: The KLOEO8 - KLOE12 correlation block

° //l,jftat: “Intermediate” covariance matrix //{,}nt up to the acceptance
correction for O for the KLOEO8 analysis, then propagate this matrix
towards a and a by applying the remaining correction factors:

int
i (0.01GeV2)(Accy, )([ Ldt)(H(sr,5))ovp
int g,u,u'y,lSR
.//[,112 V'{S (Acc fm s ) < kin. factors (12)
Ny O "

%stat /%08%12 (13)
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The .#j; matrix: The KLOEO8 - KLOE12 correlation block

° ///,-JS-ySt: The following contributions to the systematic uncertainty are
common to both analyses:

» uncertainty from L3 trigger in KLOEO8 analysis (0.1%)

> uncertainty on background evaluation of the KLOEO8 wmy analysis
(tabulated in KLOEO8 publication)

> uncertainty on cuts on My, and AE;ss in KLOEO8 analysis (0.2%)

» uncertainty on unfolding in KLOEO8 analysis (only in 5 bins between
0.58 — 0.63 GeV?), considered fully anti-correlated

» uncertainty on tracking efficiency in KLOEO8 analysis (0.3%)

> uncertainty on trigger efficiency in KLOEO8 analysis (0.1%)

> uncertainty on acceptance in KLOEO8 analysis (tabulated in KLOEO8
publication)
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The .#j; matrix: The KLOEO8 - KLOE12 correlation block

° ///,.JS.ySt: The following contributions to the systematic uncertainty are
common to both analyses:

> uncertainty from L3 trigger in KLOEO8 analysis (0.1%)

> uncertainty on background evaluation of the KLOEO8 wmy analysis
(tabulated in KLOEO8 publication)

> uncertainty on cuts on M,k and AE,,;ss in KLOEO8 analysis (0.2%)

» uncertainty on unfolding in KLOEO8 analysis (only in 5 bins between
0.58 — 0.63 GeV2), considered fully anti-correlated

» uncertainty on tracking efficiency in KLOEO8 analysis (0.3%)

> uncertainty on trigger efficiency in KLOEO8 analysis (0.1%)

> uncertainty on acceptance in KLOEO8 analysis (tabulated in KLOEO8
publication)

Therefore, the elements of ///I-JS.ySt are constructed like this:
AP = 5081361215 4 508026120 + 508 AT 512 MAT
+008[™* 012 + 50886127 + 50836128 +

+0un008} 5125
13/20



The .#j; matrix: The KLOE10 - KLOE12 correlation block
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The .#j; matrix: The KLOE10 - KLOE12 correlation block

Observed Spectrum for
7y (y) events

(Level3 Trigger)

Unfolding (Mg 2!
1

Ly (y) events
(Level3 ‘I’ri gger)
Background Subtr.

Corr. for border eff. in Acc.

Corr. for border eff. in Acc.

/e likelihood +TCA corr.

1

Unshifting (M_,*>M,.%)

Acce ptance 6_corr.

Unfolding (Mg, 2>My,2
Tracking corr.
Trigger corr.
Acceptance 6_corr.

FSR - ISR corr.

Division by Radiator H
Corr. for Vac. Pol.

S. E. Miiller

Division
. 'ﬂnv(y)/uw(y)

Acceptance corr.
(Ogei] Ggrmimr)

7, KLOE12

E ISR data

Observed Spectrum for
ary(y) events
(Level3 Trigger)
FILFO corr.

[]

Background Subtr.

/e likelihood +TCA corr.
]
Unfolding (M, 2>M; 3

Tracking corr. Data/MC

Photon corr. Data/MC

Global MC efficienc

]
Unshifting (M 2->M.,2)

Luminosity corr.

Division by Radiator H

]

Corr. for Vac. Pol.
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The .#j; matrix: The KLOE10 - KLOE12 correlation block

o /3™ In this case, there are no contributions to the statistical
covariance matrix.

° %;ySt: There are no contributions to the systematic uncertainty that
are common to both analyses!
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The result
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The result
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The result
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The result
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The covariance matrices for the BLUE values

stat. covariance matrix: syst. covariance matrix:

102

100 5
2904
F80
ETE
%60 3
2 50 4
404
304
204
10 3

807 (€*e—n") [nb?]

To obtain the total covariance matrix, simply add the two.
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Dispersion integral for a/}f‘d

Evaluating agad between syin = 0.1 GeV? and spax = 0.95 GeV? with a
binned data set of n = 85 points with binwidth As = 0.01 GeV?:

1 Smax 1 n
azad[smim Smax] = 3 /smin Uhad(S)K(s) ds ~ ype ; otk As
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Dispersion integral for a};ad

Evaluating agad between syin = 0.1 GeV? and spax = 0.95 GeV? with a
binned data set of n = 85 points with binwidth As = 0.01 GeV?:

1 ax 1 <
i3 /s o1d(s)K(s) ds ~ 3 Z otk As
min =1

With ¢; = 8a23d/8a; = (1/473)K;As we obtain for the uncertainty on
ahad
w

aEad [Smin 5 Smax] =

n

2 n
(upa)” = D0 D" cacs [eov™ (%a59)] o5

a=1p8=1
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Dispersion integral for a, had
Evaluating ahad between smin = 0.1 GeV? and spax = 0.95 GeV? with a

binned data set of n = 85 points with binwidth As = 0.01 GeV?:

1 Smax
i Smas] = 5 [ oMK ($) ds g Z o} Kitss
Smin

With ¢; = 8a23d/8a; = (1/47%)K;As we obtain for the uncertainty on
ahad
w

n

2 n
E D o TN

a*lﬂ—l
= Zc var(Xq —1—22%% covtOt Xa,Xﬂ)] 0B
a=1 =1
o=, il y

diagonal term a;gr,g’

off —diagonal term
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Results on aZ”:

Using a combination of KLOEO8 & KLOE10 (KLOE Note 225):

Aa7"[0.10 — 0.95GeV?] = (488.6+6.0) x 107'° (11)
Aa7"[0.35 - 0.85GeV?] = (379.1£2.9)x 1071° (12)
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Results on aZ“:

Using a combination of KLOEO8 & KLOE10 (KLOE Note 225):

AZT7[0.10 — 0.95GeV?] — (488.6 4 6.0) x 1010 (11)
AaT™[0.35 — 0.85GeV?] = (379.1+2.9) x 1071 (12)

Using the BLUE for KLOE08, KLOE10 & KLOE12:

AZ77[0.35 — 0.85GeV?] = (378.9+2.8) x 10710 (14)
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Results on aZ”:

Using a combination of KLOEO8 & KLOE10 (KLOE Note 225):

AZT7[0.10 — 0.95GeV?] = (488.6 4 6.0) x 10710 (11)
AZT7[0.35 — 0.85GeV?] = (379.1+2.9) x 10710 (12)

Using the BLUE for KLOE08, KLOE10 & KLOE12:

Using the BLUE for KLOE08, KLOE10 & KLOE12, but correcting
KLOEO8 and KLOE1O0 for Fred Jegerlehner's 2012 corrections for vacuum
polarization:

Aa;™[0.10 — 0.95GeV?] = (487.8£5.7)x 107 (15)
Aa;™[0.35 — 0.85GeV?] = (378.1£2.8)x 107 (16)
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Summary and conclusion

@ BLUE of KLOEO8, KLOE10 and KLOE12 data have been evaluated

@ Care needs to be applied in construction of covariance matrices (two
separate matrices for statistical and systematic effects to avoid bias in
construction of BLUE)

@ Can’t be done by people not familiar with the different analyses
@ Still some cross checks needed, then result will be put on the KLOE

ppg-webpage:
http://www.lnf.infn.it/kloe/ppg/
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